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@ Improvements in or relating to power tools. 

® A drill/driver (eg. an electric drill) with a 
screwdriver attachment, and a method of con- 
trolling the drill/driver, are described. A control 
circuit (30) controls the speed of rotation of the 
motor (36, 39) through a time delay circuit (42) 
and a triac (41). The control circuit (30) uses the 
time delay information and information inputted 
from a rotational speed sensor (43) to monitor 
the current in the motor or a parameter related 
at least in part to current in the motor. When a 
change corresponding to an increase in the rate 
of change of current in the motor is detected, 
the control circuit (30) stops the motor to pro- 
vide an automatic torque control feature for a 
screwdriving operation. 
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This invention relates to power tools, for example hand-held power tools and bench-mounted power tools. 
The invention has particular reference to hand-held and bench-mounted power screwdrivers and power drills 
with a screwdriving facility, and which are referred to as "drill/drivers" herein. 

The efficient and economic use of power tools depends upon the correct select ton of the conditions under 

5 which the tool is to be operated. For example, in a power drill, the speed of rotation of the drill bit depends 
upon the drill size and the material of the workpiece upon which the drill is to be used. In the case of screw- 
driving, the rotational speed of the screwdriver is determined In accordance with the screw size. It is also im- 
portant to be able to stop the tool when the screw has been screwed home fully to avoid overloading the tool 
driving motor or damage the workpiece. 

10 It has been proposed to employ electronic means to determine, in accordance with information fed to the 
means by a user, the rotational speed of the motor driving the tool holder of the power tool, such means also 
maintaining the set speed at a constant value and monitoring the conditions under which the power tool is op- 
erating. In particular, the means may monitor the torque exerted by the tool and operate to de-energise the 
power tool motor in the event that the torque exceeds a safe value, but the prior proposals have not been totally 

is effective. 

Accordingly, it is an object of the present invention to provide a power tool with a more effective torque 
sensing and control arrangement 

One aspect of the present invention is based upon the results of observations of the current which passes 
through the motor of the power tool during operation, and specif icafly of the current passing through the motor 
20 of a drill/driver as herein defined as it operates to screw a screw into a workpiece. In this respect reference is 
made to Figure 4 of the accompanying drawings, which is a graph showing changes in motor current (vertical 
axis) against time (longitudinal axis) that take place during a screw driving operation. The contour of the graph 
is substantially the same for all permitted screw sizes but the actual current values will depend on the screw 
size. During period T1 , there is a gradual increase in motor current as the screw penetrates the surface of and 
25 starts to enter a workpiece, there being a gradual increase in the resistance to rotation offered to the screw. 
There then follows a time period 12 during which the current flow is substantially constant as the screw thread 
enters and is driven further Into the workpiece. At the end of time period T2, the screw is almost fully home 
and the screw head engages the surface of the workpiece. As the pressure between the screw head and the 
surface increases, there is a rapid increase in motor current over the time period T3 at the end of which the 
30 screw is fully home and it is then essential to de-energise the tool motor. 

One aspect of the present invention monitors the current in the motor of the tool, and takes advantage of 
the rapid increase in current when the head of the screw comes into contact with the workpiece. 

According to this aspect of the present invention, therefore, a drill/driver as herein defined comprises a 
rotatable shaft adapted to mount a screwdriver bit, 
35 a motor for rotatably driving the shaft, 

means for monitoring the current in the motor or for monitoring a parameter related at least in part to 
current in the motor, and 

means responsive to a detected change corresponding to an increase in the rate of change of current 
in the motor, and operative to stop the motor. 
40 For example, the drill/driver may comprise a speed controller for controlling the speed of rotation of the 
motor. The means for monitoring the current or other parameter may then monitor the power consumption of 
the motor. 

In one embodiment, the motor may be an A.C. motor the speed controller may include voltage controlled 
rectifier means (also known as gated rectifier means), such as a triac bidirectional rectifier, for controlling the 

<5 "power-on" portion or portions of each A.C. cycle in order to achieve a desired speed. The means for monitoring 
the current or other parameter may then comprise means for monitoring the duration of each "power-on" por- 
tion. This can be done by monitoring the conduction time of the voltage controlled rectifier means, or by mon- 
itoring the relative phase (time delay) at which the voltage controlled rectifier means is triggered. The duration 
of the "power-on" portion will be related to the load under which the motor is operating, and hence to the current 

so consumption of the motor. 

In some circumstances it may be desirable to continue the screwing operation after the rate of current 
change has increased, and in one embodiment therefore a time delay is built into the control mechanism to 
delay, e.g. for a second or so, the motor cut-off. In another embodiment a manual override may be provided, 
so that the user may select either automatic cut-off control or manual control. 

55 The means for monitoring the current or other parameter, and the means for stopping the motor may be 
implemented in dedicated hardware circuits, and/or by processor means (e.g. a microprocessor or a micro- 
controller) programmed and configured by software. 

In a closely related manner, this aspect of the invention also provides a method of controlling a drill/driver 
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as defined herein, the drill/driver including a rotatable shaft adapted to mount a screwdrivlng bit and a motor 
for rotatably driving the shaft, the method comprising a first step of monitoring the current in the motor or mon- 
itoring a parameter related at least in part to the current in the motor, and a second step of stopping the motor 
in response to detection of a change corresponding to an increase in the rate of change of current in the motor. 
5 According to a further aspect of the present invention there is provided a method of controlling a drill/driver, 
the drill/driver Including a rotatable shaft arranged to mount a screwdriver bit and a motor for rotatably driving 
the shaft, the motor being driven only during predetermined conduction periods, the method arranged to pro- 
vide, within a given time period, a value which is a function of the conduction period necessary to maintain a 
given motor speed, and wherein the motor is stopped if th is value has exceeded a predetermined amount before 
10 the end of the given time period. 

By way of example only, two emobidments of hand-held power drill/driver according to the present inven- 
tion will now be described in greater detail with reference to the accompanying drawings of which: 

Fig. 1 is a perspective view of part of the drill/driver, 

Fig. 2 is a plan view of a display panel and keyboard of the drill/driver, 
is Fig. 3 is a block schematic of the control means of the drill/driver, 

Figs. 4 and 5a/b are explanatory diagrams, 

Figs. 6a/b/c are a flow diagram illustrating control of the drill/driver, 

Fig. 7 illustrates schematically a shift register according to the second embodiment of the present inven- 
tion; 

20 Fig. 8 shows a flow chart of the second embodiment of the present invention; 

Figure 9 illustrates schematically typical data held within the register of Figure 7 when there is no load on 
the drill/driver 

Figure 10 illustrates schematically typical data held within the register of Figure 7 when the drill/driver is 
screwing a screw into a workpiece; and, 
25 Figure 11 illustrates schematically typical data held within the register of Figure 7 when the end of the 
screwing operation has been reached. 

The drill/driver shown in Fig. 1 is of generally conventional outward appearance having a body 1 and a 
handle 2 with a trigger 3 that controls an ON/OFF switch housed in the handle 2. The trigger 3 also incorporates 
a reversing switch (not shown), although if desired the selection of reverse may be prevented other than during 
30 a screwdriving operation. A chuck 4 is detachably mounted on the end of a drive shaft 5 that extends from the 
body 1 as shown. 

Located on the upper surface of the body 1 In a position easily accessible to, and easily visible to, a user 
is a keyboard 6 and a display, for example a liquid crystal display (LCD) screen which, together, make up a 
display panel 7. The display panel 7 is part of a unit that is accommodated within the body 1 and that is held 

35 between the clam shell halves that make up the body 1 and handle 2. 

The keyboard 6 has two keys covered by a membrane that covers the actual keys and has upstanding 
portions 8, 9 in the form of arrow heads that identify the individual keys. To enable a user readily to identify 
which key to use, the arrow heads 8, 9 point upwardly and downwardly respectively and bear the legends V 
and Beneath the upstanding portions are located the movable elements of the key switches. Such elements 

40 may comprise blocks of conductive rubber that are attached to or integral with the membrane and which co- 
operate with fixed contacts on a surface below the membrane to form the key switches. Downward pressure 
on an upstanding portion of the membrane brings the block of conductive rubber into electrical contact with 
the respective fixed contact or conductor pattern on the printed circuit board. As soon as the pressure is re- 
moved, the block moves away from the fixed contact 

45 The LCD 10 forms part of the display panel 7 which has, adjacent the display 10, columns 12, 13, 14, 15 
each with a series of numbers that are drill sizes expressed in millimetres. The numbers are arranged in hor- 
izontal rows as shown. At the head of each column are symbols 18, 17, 18, 19 that indicate, respectively, metal 
workpieces, brick workpieces, wooden workpieces and aluminium workpieces. Below the columns are two hor- 
izontal sections 20 and 21 that contain symbolic representations of screws of different sizes and the letters 

50 "ATC" (Automatic Torque Control). At the upper right hand edge of the display 10 is symbol 22 representing a 
polishing or wirebnjshing brush. On the right hand side of the display 10 towards the lower end thereof is a 
set of symbols 23, 24, 25, 26 that represent respectively a hole cutter, metal workpieces, aluminium workpiec- 
es, and wooden workpieces. Engraved on the surface of the display panel in the vicinity of the symbols 23... 
26 is a two-part arrow head 27 whose point terminates just below a horizontal line 28. 

55 At the lower end of the display panel, as viewed in Fig. 2, is the marking 0mm. (diameter). 

The LCD 10 consists of a series of twelve bar segments arranged one above the other. The segments 
become visible when the switches are operated by a user, depression of the V switch causing the number of 
visible segments to increase from the bottom of the display, whilst depression of the switch has the reverse 
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effect Depressing both switches together causes the motor to run at maximum speed. By way of example, 
three visible segments are shown in Fig. 2 at 29. As can be seen from Fig. 2 the segments are so positioned 
in the display that, when visible, they are aligned with the different horizontal rows of numbers of the columns 
12 ... 15. The display panel 7 enables a user to select the optimum speed (with automatic torque control for 

5 screwd riving) for small or large screws (as denoted by the sections 20, 21) or for drilling in metal, bride, wood 
or aluminium (as denoted by legends 12, 13, 14, 15), or for poiishingA/virebnjshing (as denoted by legend 22), 
or hole cutting (as denoted by legend 23 in association with the range legends 24-26). 

Beneath the lower end as viewed in Fig. 2, of the LCD display is the marking 200 RPM (the minimum motor 
speed) on the same horizontal row as the marking 0mm. Above the upper end of the display is the marking 

10 2600 RPM (the maximum motor speed). 

Fig. 3 is a block schematic diagram of the tool motor control circuit and comprises a microprocessor 30, 
for example type 50927 made by the Mitsubishi Company of Japan. The keys of the keyboard beneath the 
arrow heads 8, 9 shown in Fig. 2 are indicated at 31 and 32 respectively and they input directly to micropro- 
cessor 30. Block 33 represents a reset circuit whose f u nction is described below. Block 34 is the LCD 1 0 whose 

is segments are energised directly from microprocessor 30 as shown. The control circuit is energised from a 
mains supply at terminals 35. 36 via a power supply unit shown as block 37 and which drops the mains voltage 
to levels required by the control circuit and at the same time provides the conventional voltage stabilisation. 
Connected across the terminals 35, 36 is the tool driving motor armature 36 and its series connected field wind- 
ings 39. The trigger-operated motor control switch is shown at 40. The supply of power to the motor is regulated 

20 by a t riac 41 that is series connected with the motor and whose firing angle is controlled by the microprocessor 
30 via a control circuit shown in Fig. 3 as block 42. In this exemplary embodiment, the control circuit 42 com- 
prises a programmable timer which is supplied with a 4-bit time delay input from the micro-processor 30. The 
time delay corresponds to the phase angle delay at which the triac 41 Is to be triggered into conduction. Reg- 
ulation of the rotational speed of the motor is effected by the microprocessor in conjunction with a motor shaft 

25 speed measuring circuit represented by block 43. Circuit 43 receives an input from a speed sensing device 
(not shown) associated with the motor shaft and which may be an optical sensor comprising a slotted disc 
mounted on the shaft and a light source arranged to direct light through the slotted disc onto a light responsive 
device. Alternatively, the sensor may be a form of magnetic sensor, for example a Hall effect type sensor, or 
a coil. 

30 The control circuit also provides soft start on all operations, anti-kick back protection in all modes, rotation 
in the reverse direction being permitted only in the screwdriving mode and following operation of the anti-kick 
back protection. 

Also included in the control circuit Is thermal protection of the motor by means of a thermistor or thermostat 
shown as block 44 that provides a signal indicating motor temperature. 
35 When the drill/driver Is operating in the drilling mode, the control circuit permits the user to select the op- 
timum speed for the drill size and work piece material and maintains that speed despite permitted variations 
In the load on the motor. 

When the drill/driver is operating in the screwdriving mode, the control circuit allows selection of small or 
large screws and automatic torque control. 
40 In the hole cutting mode, optimum speed selection and control thereof is provided. 

In both polishing and wirebrushing modes the control circuit maintains the motor speed at a constant value 
despite permitted variations in the load on the motor. 

Reference 45 represents information contacts on the reversing switch. 

As has been explained above, when a screw driving operation is being carried out, it Is important to be 
46 able to stop the tool motor when the screw has been driven fully home. The drill/driver incorporates torque con- 
trol to achieve that facility. 

Figures 5(a) and 5(b) are waveforms showing the triac conduction patterns when (a) the driver is driving 
the shank of the screw into the workpiece and (b) the head of the screw comes into contact with the workpiece. 
In these waveforms, the lines F1 ... F6 represent a set of firing angles, the Tiring angles being a measure of 
so the time the triac is on (i.e. the triac conduction time) in order to turn the chuck of the driver at a certain pre- 
determined speed, e.g. 200 r.p.ra As load is applied to the chuck the conduction time is increased, in order to 
maintain the required speed. Thus, while the shank is being driven into the workpiece, Figure 5(a), the con- 
duction time (or firing angle) represented by the hatched portion is small. When the screw head reaches the 
workpiece, however, a substantial increase in conduction time would be required to maintain the speed, as 
s$ shown by the hatched portion in Figure 5(b). The microprocessor 30 is programmed to recognise the sudden 
change from the Figure 5(a) situation to that of Figure 5(b) and stop the motor when this occurs. 

Thus, as mentioned, the lines F1 .... F6 on Figures 5(a) and (b) represent a set of firing angles of the triac, 
and by monitoring the rate of increase in the firing angle it is possible to detect accurately the instant at which 
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it is desirable to de-energise the tool motor at the end of a sere wd living operation. Thus, each of the firing angles 
F1 ... F6 is defined by a value, in this example a 4-bit code, for example angle F1 is defined by the code 0000, 
F2 by the code 0001 , F3 by the code 0011 and so on. The definition of the firing angle is effected by the pro- 
gramming of the microprocessor. 

s The microprocessor is also programmed to monitor the rate of change of firing angle and, when a change 
from say the angle defined by the code 0110 to that defined by the code 1000 occurs within a predetermined 
time period then the tool motor is de-energised. This illustrates how, In the current example the motor is stopped 
when there is a detected change which corresponds to an increase in the rate of changed of current in the 
motor. That is, the increase In firing angle within a predetermined time is detected and this firing angle Is one 

10 such parameter which is related at least in part to the current in the motor. The firing angle codes between 
which the comparison is made are selected to indicate those at the beginning and the end of the time period 
T3 shown in Fig. 4. 

To bring the drill/driver into use, it is first necessary to connect it to a source of mains power. That initiates 
a resetting of the control circuit by a signal from the reset circuit 33. Resetting involves the clearing of all men> 
is ones In the control circuit including that of the LCD 1 0 and the setting up of all input and output ports and in- 
terrupts. 

Figs. 6a-c illustrate in flow diagram form a control program for the microprocessor 30. Initially, upon reset 
as described above, the program is started at step 50 which sets various default values for the drill, for example, 
the default drill speed for the display panel 7. 

20 After the initial step 50 the program proceeds to step 52 which tests whether the switch 40 coupled to the 
trigger 3 is being operated. If the switch is not being operated the program loops through step 54 which imple- 
ments any input from the display panel 7, the program returning to the test step 52. The program repeats this 
loop until the user presses the trigger 3 thereby operating the switch 40. 

Once the switch 40 is operated, the program proceeds to further initialisation steps 56 and 58 which set 

25 up control variables to control the operation characteristics of the drill/driver. One feature of the drill/driver is 
soft-start of the drill motor which gradually accelerates the motor rotation from rest until the desired speed is 
attained. To achieve a slow turn-on, program step 58 loads the control circuit 42 with a maximum timer value 
(which corresponds to a maximum delay before the triac 41 is fired, and hence a minimum conduction time). 
Speed control is implemented by program steps 60-70 and the soft-start feature is implemented by a sub- 
do loop within the speed control steps as indicated by the loop return 72. Step 60 tests whether the AC power 
supply is crossing through zero and, if not, the step is merely repeated until a zero-cross is detected. Thereafter, 
step 62 starts the control circuit (timer) 42 to fire the triac after the predetermined time delay. Step 64 refreshes 
the soft-start variables if the soft-start feature is still in operation. In particular step 64 reduces the time delay 
value for the control circuit (timer) 42 in order to increase the conduction time of the triac 41 , and hence increase 

35 the motor speed. Step 66 tests whether the motor has yet attained has or almost attained the desired speed 
and, if not, the program loops back along the loop return 72 to step 60. Once the motor achieves approximately 
the desired speed, the program proceeds to step 68 which terminates the soft-start operation. Steps 68 and 
70 also perform a speed monitoring and speed stabilisation process. In particular a proportional internal dif- 
ferential (P.I.D) parameter is calculated which indicates the difference between the actual motor speed and 

to the desired speed. Step 70 refreshes the value for the control circuit (timer) 42 and adjusts the value as nec- 
essary depending on the P.I.D. parameter. If the actual speed is less than the desired speed, the timer value 
is decreased thereby to increase the conduction time of the triac 41. If the actual speed is greater than the 
desired speed, the timer value is increased thereby to decrease the conduction time of the triac 41. 

If the screwdriver option has been selected, the program passes through step 74 to the automatic torque 

46 control feature implemented by program steps 76-90. Steps 76 and 78 perform calculations based on the time 
delay outputted to the control circuit (timer) 42 to determine a working (current-related) slope and an actual 
(current-related) slope. The working slope represents the slope when the shank of the screw is being driven 
into the workpiece (represented by the portion T2 of Fig. 4). Step 80 tests whether the actual slope exceeds 
the working slope. The program then modifies a variable called "slope counter" depending on the outcome of 

so the test The variable indicates the number of recent program occurrences for which the actual slope has ex- 
ceeded the working slope. Each time that the test step 80 indicates that the actual slope is not greater than 
the working slope, the program proceeds to step 82 which decrements the slope counter variable. Steps 84 
and 86 then test whether the variable has dropped below zero and, if so, the variable is made equal to zero. 
Each time that the test step 80 indicates that the actual slope is greater than the working slope, the program 

55 proceeds to step 88 which increments the slope counter variable. Step 90 then tests whether the variable has 
exceeded a predetermined value; in this exemplary embodiment the predetermined value is 5. If the prede- 
termined value has been exceeded, this Is the condition for the drill to be stopped automatically, and the pro- 
gram branches to a program label "waitoff described below. If the predetermined value has not been exceeded, 
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normal program execution continues. 

This technique with the slope counter variable therefore Implements a short delay before turning off the 
motor after the actual slope is detected to be greater than the working slope. The motor is not turned off until 
six consecutive or recent occurrences of such a condition have been detected. The program also avoids stop- 
5 ping the motor in the event of a low number (less than six) of spurious occurrences of an increased slope, since 
the program steps 82-86 will decrement the value of the slope counter variable on the next occasion that the 
actual slope is not greater than the working slope. 

The program label "waitoff leads the program into steps 92-96 which automatically stop the motor. Pro- 
gram step 92 halts the control circuit (timer) 42 thereby to inhibit further conduction of the triac 41 , which in 
10 turn turns off the power supply to the motor. Program step 94 tests whether the user has yet released the trigger 
3 to deactivate switch 40 and, if not, program step 94 is repeated until the user releases the trigger 3. There- 
after, program step 96 returns the program execution to program label "loop-off which leads back to program 
step 52, to enable the drill to be re-used. 

If the program does not branch to "waitoff, execution continues to steps 98-108 which provide an over- 
15 heating prevention feature. A variable called "temperature counter" is used to record the number of consecutive 
occasions that an overtemperature condition occurs. Program step 100 decrements the temperature counter 
to zero when the drill is not overtemperature, and program execution then jumps to step 110 discussed below. 
Program step 102 increments the counter when the drill Is overtemperature. Program step 104 then tests 
whether the temperature counter variable has exceeded a predetermined limit" and, if so, the program branch- 
20 es to the "waitoff routine if the drill is not in its maximum speed setting. If the drill is in its maximum speed 
setting the program continues to step 110. 

Program step 110 tests whether the switch 40 is off, i.e. whether the user has released the trigger 3. If 
not, then the program loops back to a program label loop-on" which returns to program step 60. In this manner, 
the program is repeated to provide continuous speed control and. In the screwdriver mode, automatic torque 
25 control. If the switch 40 is determined to be off, then program step 112 halts the control circuit (timer) 42 thereby 
to stop the drill motor in the same manner as program step 92 discussed above. The program then continues 
to program step 96 which jumps to the program label "loop-off. 

When the drill is not operating in the screwdriver mode, the automatic torque control feature provided by 
program steps 76-90 is bypassed. A program branch is performed by step 74 through step 1 14. Step 114 pro- 
30 vides anti-kickback protection. 

A further safety feature is also provided by a program step 116 interposed between steps 62 and 64 in 
the speed control portion of the program. Step 116 tests whether the "reverse" switch of the drill has been op- 
erated while the drill is in use (i.e. motor turning). If so, program execution branches to step 1 1 8 which halts 
the control circuit (timer) 42 thereby to stop the drill motor. The program then jumps to the program label "wait- 
ss off described above. 

The described embodiment is a drill driver which has an LCD. The invention is of course applicable to any 
power driver or power drill having a screwdriving facility, against which may be mentioned, for example, power 
drill/drivers wherein the pre-setting of the tool is by means of a rotating switch controlling a potentiometer rather 
than by buttons on an LCD display panel. 
*o A second embodiment of the present invention will now be described with reference to Figures 7 and 8. 

Figure 7 illustrates schematically a sixteen-stage serial memory shift register 114. The register 114 is part 
of the microprocessor 30 and operates under the control thereof. In addition to supplying the programmable 
timer within the control circuit 42 with a time delay input the microprocessor 30 also supplies this time delay 
to the register 114 in the following manner. 
45 Each half-cycle during which the triac 41 may be fired, as illustrated in Figures 5a and 5b, is of 1 0 ms dur- 
ation. This 10 ms half-cycle corresponds to 500 counts made by the microprocessor 30. So if, for example, 
there was a delay of 2ms before the triac 41 was fired during any given half-cycle, this would correspond to a 
count of 100. It will be noted that it is the delay before firing rather than the duration of the firing itself of the 
triac 41 which is being measured. 
so Referring once again to Figure 7, it will be seen that into each of the sixteen stages of the register 114 is 
inputted from the microprocessor 30 the count which corresponds to the delay before firing the triac 41 for 
that half-cycle. Thus the most recent (i.e. the current count) count occupies stage number 1 and the oldest 
count occupies stage number 1 6. It wiD be apparent that the time span over which the shift register 114 occupies 
memory is 160 ms (16 stage each of 10ms duration) and that the shift register is of the last-in-first-out (UFO) 
55 type. 

The counts within each of the stages of register 114 is, as in the previous example, the time delay before 
firing of the triac 41 necessary to maintain the shaft of the drill/driver rotating at a constant speed, here 200 
r.p.m. 
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Once the drill/driver has been energised for a suff ident length of time for ad stages of the register 114 to 
hold a respective count, then the microprocessor performs the following calculations necessary to determine 
whether to continue the energisation of the drill/driver or to stop it 

For each count update of the shift register 114. the microprocessor 30 divides the sixteen stages of the 
5 register 114 into two halves. One half comprises the eight oldest counts, Soto, and the other half comprises 
the eight newest counts, 8new. 

The microproce ssor 3 0 then calculates the average of a ll the Bol d coun ts, 8<xo. and also the average of 
aD the 8 NEW counts. 8new. This results in two derived values 8olo and 8new. 

Next the following calculation is perfo rmed : 
10 8^ - 8^-> RESULT 

The value RESULT is a single number and is used for comparison with a further derived value, as will be 
described below. It will, however, be apparent that because each of the counts In the register is 114 is actually 
a measure of the delay before firing the t riac 41 then, as the shank of a screw is driven further into a workpiece 
and thus the resistance offered by the screw to the drill/driver increases, then the delay before firing must be 
is concomitantly reduced in order to maintain a steady 200 rpm, as described with reference to th e prev iou s em- 
bodiment Hence, as the screw takes further and further into the workpiece, then the values 8 NEW and 8 0LD 
become smaller. However, because the value RESULT is calculated as the difference between B 0U} and 8 NEW 
over a given period of time, the RESULT will not itself change unless the rate of change between 8 OL d and 
8 NEW changes. This achieves a measure of the gradient as shown previously with reference to Figure 4. 
20 As has been stated above, it is necessary for the derived value RESULT to be compared with another de- 
rived value in order for a judgement to be made as to whether or not to de-energise the drill/driver. This derived 
value, SENSITIVITY is calculated as follows:- 

SENSITIVITY = K - 

4 

25 where K is a number and is a constant for a particular drill/driver and 8 NEW is the average value of the 8 NEW 
counts shown in Figure 7. 

The microprocessor 30 de-energises the drill only if the following condition holds: 

RESULT > SENSITIVITY 
This decision making process is illustrated by the flow chart shown in Figure 8. 
30 |f the condition that RESULT > SENSITIVITY does not hold, then the whole process described above is 
repeated, but with the counts in the register 114 updated by one stage, i.e. by another half-cycle. This means 
that all previous values 1-15 move one stage f urtheralong the register 1 14, with value 16 being discarded and 
a new value at stage 1 being input by the microprocessor 30. 

Referring now once again to the derived value SENSITIVITY, it wilt be appreciated that in some ciroum- 
35 stances it may be desirable to give different drill/drivers different levels of sensitivity, that is to place constraints 
on the rate of increase of current, or parameter related at least in part thereto, which can be tolerated before 
de-energising takes place. 

For example, as has been described hereinbefore, the actual current values through the motor will depend 
upon the screw size. It will also depend on the hardness of the workpiece into which the screw is being driven. 
*o Thus, for a small screw being driven into a soft wood, a much smaller current and shallower gradient of curve 
(see Figure 4) will be seen than for a large screw being driven into a hard wood, however, as has been described 
above, if the drill/driver, on driving the shank of the large screw into hard wood, detects changes in resistance 
offered by the screw (due to, say, inhomogeneties in the wood) sufficient to hold good the requirement that 
RESULT > SENSITIVITY, then the drill/driver will be de-energised. 
45 This change in resistance offered by the large screw may. in absolute terms, be the same as would be 
offered by the head of a small screw coming into contact with the surface of soft wood. 

So, if the drill/driver were actually being used to drive a small screw into soft wood, a satisfactory result 
would have been achieved. However, if the drill/driver had been driving a large screw into hard wood, an urv 
desired de-energising would have resulted. 
so Thus, by offering the capability of changing the value of Kfordifferent drill/drivers, the above problem could 
be alleviated. For example, K could be set such that the problem outlined above could be altered so that only 
large screws are to be used with the particular drill/driver in question. This is because the resistance offered 
by the head of the small screw engaging a worksurface would not be sufficient to cause RESULT > SENSI- 
TIVITY to hold due to the change in SENSITIVITY caused by altering the value of K. 
55 Examples of values used in the above calculations are shown below and with reference to Figures 9 - 11 . 
It will be noted that in each of these Figures the data held within the shift register 114 is actually held both in 
hexadecimal and in decimal. The value of K has been chosen here to be 400. 

Figure 9 shows both the hexadecimal count and the corresponding decimal count for each of the sixteen 
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stages in the shift register 114 for a drill/driver being run under a no-load condition, i.e. the drill/driver is ener- 
gised but being run in free space without any resistive load engaging the chuck 4. The decimal values are then 
split into the Solo and 8 NEW values as described hereinbefore. 

The calculations necessary to decide whether or not to de-energise the drill/driver are then undertaken. 
5 As ca n be s een by ref erring to the decimal column of Figure 9, 
8q u> ° 3 7 2 and 8new = 371 
So Sold - &new = 372 - 371 = 1 
RESULT =1 

And the value with which RESULT is to be compared. SENSITIVITY, is derived as follows: 
10 SENSITIVITY (K - B^) 

4 

_ (400 - 371) 
4 

= 7 

is Thus RESULT < SENSITIVITY and so the drill/driver is not de-energised and so all the values in the stages 

of the register 114 are scrolled on by one place losing the oldest value and providing a new current, or as in 
Figures 9-11, ACTUAL value. 

Figure 10 shows the case of a drill/driver performing a screwing operation along the region T2 in Figure 

4. 

20 Here it can be se en that 8 0LD = 348 and 8 NEW = 338 
Thus 80LO - 8 NEW = RESULT =10 

and SENSITIVITY * < 400 " « = C 400 = 33a > - 15 

4 4 

Thus RESULT < SENSITIVITY and so, again, the driver is not de-energised. 
25 Figure 11 shows the cas e dur ing the tra nsition from region T2 to region T3 of Figure 4. 
Here it can be see n tha t 8 0LD = 357 and 8 NEW = 317 
thus RESULT = Sold - »new = 357 - 317 = 40 

and SENSITIVITY = (4QQ ~ 317 > = 20 
4 

30 Thus RESULT > SENSITIVITY and so the drill/driver is de-eneigised. 



Claims 

35 1. A drill/driver (1 ) comprising: a rotatable shaft (5) arranged to mount a screwdriver bit; a motor (38,39) for 
rotatably driving the shaft (5); monitor means (30) for monitoring the current in the motor (38,39) or for 
monitoring a parameter related at least in part to current in the motor (38,39), characterised by further 
comprising means (30) responsive to a detected change corresponding to an increase in the rate of change 
of current in the motor (38,39), and operative to stop the motor (38,39). 

40 

2. A drill/driver according to claim 1, further comprising a speed controller (41) for controlling the speed of 
rotation of the motor (38.39). 

3. A drill/driver according to claim 2, wherein the means (30) for monitoring the current or other parameter 
40 comprises means for monitoring the power consumption of the motor (38,39). 

4. A drill/driver according to claim 3, wherein the motor is an AC. motor, and the speed controller (41) com- 
prises voltage controlled rectifier means for controlling the power-on portion or portions of each A.C. cycle 
in order to achieve a desired speed. 

80 5. A drill/driver according to claim 4, wherein the means (30) for monitoring the current or other parameter 
comprises means for monitoring the duration of each power-on portion. 

6. A drill/driver according to claim 5, wherein the means (30) for monitoring the duration comprises means 
for monitoring the conduction time of the voltage controlled rectifier means. 

55 

7. A drill/driver according to claim 5, wherein the means (30) for monitoring the duration comprises means 
for monitoring the relative phase at which the voltage controlled rectifier means is triggered for conduction. 
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8. A drill/driver according to any preceding claim, further comprising control means (42) for implementing a 
delay before the motor is stopped once a change corresponding to an increase in the rate of change of 
current has been detected. 

9. A drill/driver according to any preceding claim, further comprising manual override means for selecting 
either automatic cut-off control or manual control of the motor. 

1 0. A method of controlling a drill/driver, the drill/driver including a rotatable shaft arranged to mount a screw- 
driving bit and a motorfor rotatably driving the shaft the method comprising a first step of monitoring the 
ounent in the motor or monitoring a parameter related at least in part to the current in the motor, and a 
second step of stopping the motor in response to detection of a change corresponding to an increase in 
the rate of change of current in the motor. 

11. A method of controlling a drill/driver, the drill/driver including a rotatable shaft arranged to mount a screw- 
driver and bit and a motorfor rotatably driving the shaft, the motor being driven only during predetermined 
conduction periods, the method arranged to provide, within a given time period, a value which is af unction 
of the conduction period necessary to maintain a given motor speed, and wherein the motor is stopped 
if this value has exceeded a predetermined amount before the end of the given time period. 

12. A method according to claim 1 1 wherein the given motor speed is a steady motor speed. 
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(£) Improvements in or relating to power tools. 

@ A drill/driver (eg. an electric drill) with a 
screwdriver attachment, and a method of con- 
trolling the drill/driver, are described. A control 
circuit (30) controls the speed of rotation of the 
motor (38, 39) through a time delay circuit (42) 
and a triac (41). The control circuit (30) uses the 
time delay information and information inputted 
from a rotational speed sensor (43) to monitor 
the current in the motor or a parameter related 
at least in part to current in the motor. When a 
change corresponding to an increase in the rate 
of change of current in the motor is detected, 
the control circuit (30) stops the motor to pro- 
vide an automatic torque control feature for a 
scrawdrlving operation. 
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A priori in the application EP 94307098 two distinct technical 
subject matters, which are independent from each other , are claimed. 

Claims 1-3.0 : A drill/driver and a method for controlling the same, including: 
means detecting a change (increase) in the rate of change of current 
in the motor and operative to stop said motor. 

Claims 11,12 : A method of controlling a drill/driver, the motor thereof being 
driven only during predetermined conduction periods and said drill/driver 
being stopped when a value which is a function of the conductive period 
exceeds a predetermined amount before the end of a given time period. 

According to EPC rules only claims 1-10 have been searched. 
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Description 

[0001] Tlits invention relates to power screwdrivers 
and power drills with a screwd riving facility, and which 
are referred to as "drill/drivers" herein, respectively to a 5 
method of controlling such a drill/driver. 
[0002] The efficient and economic use of power tools 
depends upon the correct selection of the conditions 
under which the tool Is to be operated. For example. In 
a power drill, the speed of rotation of the drill bit w 
depends upon the drill size and the material of the work- 
piece upon which the drill is to be used. In the case of 
screwdriving, the rotational speed of the screwdriver is 
determined in accordance with the screw size. It is also 
important to be able to stop the tool when the screw has is 
been screwed home fully to avoid overloading the tool 
driving motor or damage the workpiece. 
[0003] It has been proposed to employ electronic 
means to determine, in accordance with information fed 
to the means by a user, the rotational speed of the 20 
motor driving the tool holder of the power tool, such 
means also maintaining the set speed at a constant 
value and monitoring the conditions under which the 
power tool is operating. In particular, the means may 
monitor the torque exerted by the tool and operate to & 
de-energise the power tool motor in the event that the 
torque exceeds a safe value, but the prior proposals 
have not been totally effective 
[0004] Accordingly, it is an object of the present inven- 
tion to provide a power tool with a more effective torque 30 
sensing and control arrangement. 
[0005] The present invention is based upon the results 
of observations of the current which passes through the 
motor of the power tool during operation, and specifi- 
cally of the current passing through the motor of a 35 
drill/driver as herein defined as it operates to screw a 
screw into a workpiece. In this respect reference is 
made to Figure 4 of the accompanying drawings, which 
is a graph showing changes in motor current (vertical 
axis) against time (longitudinal axis) that take place dur- 40 
ing a screw driving operation. The contour of the graph 
is substantially the same for all permitted screw sizes 
but the actual current values will depend on the screw 
size. During period T1, there is a gradual increase in 
motor current as the screw penetrates the surface of 45 
and starts to enter a workpiece, there being a gradual 
increase in the resistance to rotation offered to the 
screw. There then follows a time period T2 during which 
the current flow is substantially constant as the screw 
thread enters and is driven further into the workpiece. At so 
the end of time period T2, the screw is almost fully home 
and the screw head engages the surface of the work- 
piece As the pressure between the screw head and the 
surface increases, there is a rapid increase in motor cur- 
rent over the time period T3 at the end of which the ss 
screw is fully home and it is then essential to de-ener- 
gise the tool motor. 

[0006] The present invention monitors the current in 



the motor of the tool, and takes advantage of the rapid 
increase in current when the head of the screw comes 
Into contact with the workpiece. 
[0007] According to the present invention, therefore, a 
drilWriver comprises a rotatable shaft adapted to mount 
a screwdriver bit, 

a motor tor rotatably driving the shaft, 
means tar monitoring the current in the motor or for 
monitoring a parameter related at least in part to 
current in the motor, and 

means responsive to a detected change corre- 
sponding to an increase in the rate of change of 
current in the motor, and operative to stop the 
motor. 

[0008] For example the drillfclriver may comprise a 
speed controller for controlling the speed of rotation of 
the motor. The means for monitoring the current or other 
parameter may then monitor the power consumption of 
the motor. 

[0009] In one embodiment, the motor may be an A.C. 
motor; the speed controller may include voltage control- 
led rectifier means (also known as gated rectifier 
means), such as a triac bidirectional rectifier, for control- 
ling the "power-on" portion or portions of each A.C. 
cycle in order to achieve a desired speed. The means 
for monitoring the current or other parameter may then 
comprise means for monitoring the duration of each 
"power-on" portion. This can be done by monitoring the 
conduction time of the voltage controlled rectifier 
means, or by monitoring the relative phase (time delay) 
at which the voltage controlled rectifier means is trig- 
gered. The duration of the "power-on" portion will be 
related to the load under which the motor is operating, 
and hence to the current consumption of the motor. 
[001 0] In some circumstances it may be desirable to 
continue the screwing operation after the rate of current 
change has increased, and in one embodiment there- 
fore a time delay is built into the control mechanism to 
delay, eg. for a second or so, the motor cut-off. In 
another embodiment the drill/driver may be provided 
with a manual override, so that the user may select 
either automatic cut-off control or manual control. 
[001 1] The means for monitoring the current or other 
parameter, and the means for stopping the motor may 
be implemented in dedicated hardware circuits, and/or 
by processor means (eg. a microprocessor or a micro- 
controller) programmed and configured by software 
[0012] The present invention further provides a 
method as defined in claim 10 
[001 3] By way of example orriy, an embodiment of a 
hand-held power drill/driver according to the present 
invention wiO now be described in greater detail with ref- 
erence to the accompanying drawings of which: 

Figure 1 is a perspective view of part of the 
drill/driver, 
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Figure 2 is a plan view of a display pane! and key- 
board of the drill/driver, 

Figure 3 is a block schematic of the control means 
of the drill/driver, 

Figures 4 and 5a/b are explanatory diagrams and, 
Figures 6a/b/c are a flow diagram illustrating control 
of the drill/driver. 

[0014] The drill/driver shown In Figure 1 is of generally 
conventional outward appearance having a body 1 and 
a handle 2 with a trigger 3 that controls an ON/OFF 
switch housed in the handle 2. The trigger 3 also incor- 
porates a reversing switch (not shown), although if 
desired the selection of reverse may be prevented other 
than during a screwdriving operation. A chuck 4 is 
detachably mounted on the end of a drive shaft 5 that 
extends from the body 1 as shown. 
[001 5] Located on the upper surface of the body 1 in 
a position easily accessible to. and easily visible to, a 
user is a keyboard 6 and a display, for example a liquid 
crystal display (LCD) screen which, together, mate up a 
display panel 7. The display panel 7 is part of a unit that 
is accommodated within the body 1 and that is held 
between the dam shell halves that make up the body 1 
and handle 2. 

[0016] The keyboard 6 has two keys covered by a 
membrane that covers the actual keys and has upstand- 
ing portions 8, £ in the form of arrow heads that identify 
the individual keys. To enable a user readily to identify 
which key to use, the arrow heads 8, 9 point upwardly 
and downwardly respectively and bear the legends V 
and Beneath the upstanding portions are located 
the movable elements of the key switches. Such ele- 
ments may comprise blocks of conductive riAber that 
are attached to or integral with the membrane and 
which co-operate with fixed contacts on a surface below 
the membrane to form the key switches. Downward 
pressure on an upstanding portion of the membrane 5 
brings the block of conductive rubber into electrical con- 
tact with the respective fixed contact or conductor pat- 
tern on the printed circuit board. As soon as the 
pressure is removed, the block moves away from the 
fixed contact. 

[0017] The LCD 10 forms part of the display panel 7 
which has, adjacent the display 10, columns 12, 13, 14, 
15 each with a series of numbers that are drill sizes 
expressed in millimetres. The numbers are arranged in 
horizontal rows as shown. At the head of each column 
are symbols 16, 17, 18, 19 that indicate, respectively, 
metal workpieces, brick workplaces, wooden work- 
pieces and aluminium workpieces. Below the columns 
are two horizontal sections 20 and 21 that contain sym- 
bolic representations of screws of different sizes and the 
letters "ATC (Automatic Torque Control). At the upper 
right hand edge of the display 10 Is symbol 22 repre- 
senting a polishing or wirebrushing brush. On the right 
hand side of the display 10 towards the lower end 
thereof Is a set of symbols 23, 24, 25, 26 that represent 



respectively a hole cutter, metal workpieces, aluminium 
workpieces, and wooden workpieces. Engraved on the 
surface of the display panel in the vicinity of the symbols 
23...26 is a two-part arrow head 27 whose point termi- 

5 nates lust below a horizontal One 28. 

[0018] At the lower end of the display panel, as viewed 
in Figure 2, is the marking 0mm. (diameter). 
[0019] The LCD 10 consists of a series of twelve bar 
segments arranged one above the other. The segments 

io become visible when the switches are operated by a 
user, depression of the V switch causing the number of 
visible segments to increase from the bottom of the dis- 
play; whilst depression of the switch has the reverse 
effect Depressing both switches together causes the 

is motor to run at maximum speed. By way of example, 
three visible segments are shown in Figure 2 at 29. As 
can be seen from Figure 2 the segments are so posi- 
tioned in the display that, when visible, they are aligned 
with the different horizontal rows of numbers of the ool- 

20 umns 12 .15. The display panel 7 enables a user to 
select the optimum speed (with automatic torque control 
for screwdriving) for small or large screws (as denoted 
by the sections 20, 21) or tor drilling in metal, brick, 
wood or aluminium (as denoted by legends 12, 13, 14, 

25 1 5) , or for polishing/wirebrushing (as denoted by legend 
22), or hole cutting (as denoted by legend 23 in associ- 
ation with the range legends 24-28). 
[9020] Beneath the lower end as viewed in Figure 2, 
of the LCD display is the marking 200 RPM (the mini- 

30 mum motor speed) on the same horizontal row as the 
marking 0mm. Above the upper end of the display is the 
marking 2600 RPM (the maximum motor speed). 
[0021] Figure 3 is a block schematic diagram of the 
tool motor control circuit and comprises a microproces- 

35 sor 30, tor example type 50927 made by the Mitsubishi 
Conpany of Japan. The keys of the keyboard beneath 
the arrow heads 8, 9 shown in Fig. 2 are indicated at 31 
and 32 respectively and they input directly to microproc- 
essor 30. Block 33 represents a reset circuit whose 

40 function is described below. Block 34 is the LCD 10 
whose segments are energised directly from microproc- 
essor 30 as shown. The control circuit is energised from 
a mains supply at terminals 35, 36 via a power supply 
unit shown as block 37 and which drops the mains vott- 

45 age to levels required by the control circuit and at the 
same time provides the conventional voltage stabilisa- 
tion. Connected across the terminals 35, 36 is the tool 
driving motor armature 38 and its series connected field 
windings 39. The trigger-operated motor control switch 

50 is shown at 40. The supply of power to the motor is reg- 
ulated by a triac 41 that is series connected with the 
motor and whose firing angle is controlled by the micro- 
processor 30 via a control circuit shown in Figure 3 as 
block 42. In this exemplary embodiment, the control tir- 

55 curt 42 comprises a programmable timer which is sup- 
plied with a 4-bit time delay input from the micro- 
processor 30. The time delay corresponds to the phase 
angle delay at which the triac 41 is to be triggered into 
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conduction. Regulation of the rotational speed of the 
motor is effected by the microprocessor in conjunction 
with a motor shaft speed measuring circuit represented 
by block 43. Circuit 43 receives an input from a speed 
sensing device (not shown) associated with the motor 
shaft and which may be an optical sensor comprising a 
slotted disc mounted on the shaft and a light source 
arranged to direct light through the slotted disc onto a 
light responsive device. Alternatively, the sensor may be 
a form of magnetic sensor, for example a Hall effect type 
sensor, or a coil. 

[0022] The control circuit also provides soft start on all 
operations, anti-kick back protection in all modes, rota- 
tion in the reverse direction being permitted only in the 
screwdriving mode and following operation of the anti- 
kickback protection. 

[0023] Also included in the control circuit is thermal 
protection of the motor by means of a thermistor or ther- 
mostat shown as block 44 that provides a signal indicat- 
ing motor temperature 

[0024] When the drill/driver is operating in the drilling 
mode, the control circuit permits the user to select the 
optimum speed for the drill size and work piece material 
and maintains that speed despite permitted variations in 
the load on the motor. 

[0025] When the drill/driver, is operating in the screw- 
driving mode, the control circuit allows selection of small 
or large screws and automatic torque control. 
[0026] In the hole cutting mode, optimum speed selec- 
tion and control thereof is provided. 
[0027] In both polishing and wirebrushing modes the 
control circuit maintains the motor speed at a constant 
value despite permitted variations in the load on the 
motor. 

[0028] Reference 45 represents information contacts 
on the reversing switch. 

[0029] As has been explained above, when a screw 
driving operation is being carried out, it is important to 
be able to stop the toot motor when the screw has been 
driven fully home. The drill/driver incorporates torque 
control to achieve that facility. 
[0030] Figures 5(a) and 5(b) are waveforms showing 
the triac conduction patterns when (a) the driver is driv- 
ing the shank of the screw into the workpiece and (b) 
the head of the screw comes into contact with the work- 
piece. In these waveforms, the lines F1...F6 represent a 
set of firing angles, the firing angles being a measure of 
the time the triac is on (i.e. the triac conduction time) in 
order to turn the chuck of the driver at a certain prede- 
termined speed, e.g. 200 rpm. As load is applied to the 
chuck the conduction time is increased, in order to 
maintain the required speed. Thus, while the shank is 
being driven into the workpiece, Figure 5(a), the con- 
duction time (or firing angle) represented by the hatched 
portion Is small. When the screw head reaches the 
workpiece, however, a substantial increase in conduc- 
tion time would be required to maintain the speed, as 
shown by the hatched portion in Figure 5(b). The micro- 



processor 30 is programmed to recognise the sudden 
change from the Figure 5(a) situation to that of Figure 
5(b) and stop the motor when this occurs. 

[0031] Thus, as mentioned, the Ones F1 ...F6 on Fig- 

5 ures 5(a) and (b) represent a set of firing angles of the 
triac, and by monitoring the rate of increase in the firing 
angle it is possible to detect accurately the instant at 
which it is desirable to de-energise the tod motor at the 
end of a screwdriving operation. Thus, each of the firing 

io angles F1 ...F6 is defined by a value, in this example a 4- 
bit code, for example angle F1 is defined by the code 
0000, F2 by the code 0001 , F3 by the code 001 1 and so 
on. The definition of the firing angle is effected by the 
programming of the microprocessor. 

75 [0032] The microprocessor is also programmed to 
monitor the rate of change of firing angle and, when a 
change from say the angle defined by the code 01 10 to 
that defined by the code 1 000 occurs within a predeter- 
mined time period then the tool motor Is de-energised. 

20 This illustrates how, in the current example the motor is 
stopped when there is a detected change which corre- 
sponds to an increase in the rate of change of current in 
the motor. That is, the increase in firing angle within a 
predetermined time is detected and this firing angle is 

25 one such parameter which is related at least in part to 
the current in the motor. The firing angle codes between 
which the comparison is made are selected to indicate 
those at the beginning and the end of the time period T3 
shown in Figure 4. 

30 [0033] To bring the drill/driver into use, it is first neces- 
sary to connect it to a source of mains power. That initi- 
ates a resetting of the control circuit by a signal from the 
reset circuit 33. Resetting involves the clearing of all 
memories in the control circuit including that of the LCD 

as 10 and the setting up of all input and output ports and 
Interrupts. 

[0034] Figures 6a-c illustrate in flow diagram form a 
control program for the microprocessor 30. Initially, 
upon reset as described above, the program is started 
^0 at step 50 which sets various default values for the drill, 
for example, the default drill speed for the display panel 
7. 

[0035] After the initial step 50 the program proceeds 
to step 52 which tests whether the switch 40 coupled to 

45 the trigger 3 is being operated. If the switch is not being 
operated the program loops through step 54 which 
implements any input from the display panel 7, the pro- 
gram returning to the test step 52. The program repeals 
this loop until the user presses the trigger 3 thereby 

so operating the switch 40. 

[0036] Once the switch 40 is operated, the program 
proceeds to further initialisation steps 56 and 58 which 
set up control variables to control the operation charac- 
teristics of the drill/driver. One feature of the driD/driver 

55 Is soft-start of the drill motor which gradually acceler- 
ates the motor rotation from I the desired speed is 
attained. To achieve a slow turn-on, program step 58 
loads the control circuit 42 with a maximum timer value 
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(which corresponds to a maximum delay before the triae 
41 is fired, and hence a minimum conduction time). 
[0037] Speed control is implemented by program 
steps 60-70 and the soft-start feature is implemented by 
a sub-loop within the speed control steps as indicated 
by the loop return 72. Step 60 tests whether the AC 
power supply Is crossing through zero and, if not the 
step is merely repeated until a zero-cross is detected. 
Thereafter, step 62 starts the control circuit (timer) 42 to 
fire the trlac after the predetermined time delay. Step 64 
refreshes the soft-start variables if the soft-start feature 
is still in operation. In particular step 64 reduces the 
time delay value for the control circuit (timer) 42 in order 
to increase the conduction time of the triac 41, and 
hence increase the motor speed. Step 66 tests whether 
the motor has yet attained or almost attained the 
desired speed and. if not, the program loops back along 
the loop return 72 to step 60. Once the motor achieves 
approximately the desired speed, the program proceeds 
to step 68 which terminates the soft-start operation. 
Steps 68 and 70 also perform a speed monitoring and 
speed stabilisation process. In particular a proportional 
internal differential (RI D) parameter is calculated which 
indicates the difference between the actual motor speed 
and the desired speed. Step 70 refreshes the value for 
the control circuit (timer) 42 and adjusts the value as 
necessary depending on the P.I.D. parameter. If the 
actual speed is less than the desired speed, the timer 
value is decreased thereby to increase the conduction 
time of the triac 41 . If the actual speed is greater than 
the desired speed, the timer value is increased thereby 
to decrease the conduction time of the triac 41 . 
[0038] If the screwdriver option has been selected, the 
program passes through step 74 to the automatic 
torque control feature implemented by program steps 
76-90. Steps 76 and 78 perform calculations based on 
the time delay outputted to the control circuit (timer) 42 
to determine a working (current-related) slope and an 
actual (current-related) slope. The working slope repre- 
sents the slope when the shank of the screw is being 
driven into the workpiece (represented by the portion T2 
of Figure 4). Step 80 tests whether the actual slope 
exceeds the working slope. The program then modifies 
a variable called "slope counter" depending on the out- 
come of the test The variable indicates the number of 
recent program occurrences for which the actual slope 
has exceeded the working slope. Each time that the test 
step 80 indicates that the actual slope is not greater 
than the working slope, the program proceeds to step 
82 which decrements the slope counter variable. Steps 
84 and 86 then test whether the variable has dropped 
below zero and, if so, the variable is made equal to zero. 
Each time that the test step 80 indicates that the actual 
slope is greater than the working slope, the program 
proceeds to step 88 which increments the slope counter 
variable. Step 90 then tests whether the variable has 
exceeded a predetermined value; in this exemplary 
embodiment the predetermined value is 5. If the prede- 



termined value has been exceeded, this is the condition 
for the driD to be stopped automatically, and the program 
branches to a program label "waitoff described below. If 
the predetermined value has not been exceeded, nor- 

5 mal program execution continues, 

[0039] This technique with the slope counter variable 
therefore implements a short delay before turning off 
the motor- after the actual slope is detected to be 
greater than the working slope. The motor is not turned 

io off until six consecutive or recent occurrences of such a 
condition have been detected. The program also avoids 
stopping the motor in the event of a low number (less 
than six) of spurious occurrences of an increased slope, 
since the program steps 82-86 will decrement the value 

is of the slope counter variable on the next occasion that 
the actual slope is not greater than the working slope. 
[0040] The program label "waitoff' leads the program 
into steps 92-96 which automatically stop the motor. 
Program step 92 halts the control circuit (timer) 42 

20 thereby to inhibit further conduction of the triac 41, 
which in turn turns off the power supply to the motor. 
Program step 94 tests whether the user has yet 
released the trigger 3 to deactivate switch 40 and, if not, 
program step 94 is repeated until the user releases the 

25 trigger 3. Thereafter, program step 96 returns the pro- 
gram execution to program label loop-off which leads 
back to program step 52, to enable the drill to be re- 
used. 

[0041 ] If the program does not branch to "waitoff \ axe- 
so cution continues to steps 98-108 which provide an over- 
heating prevention feature. A variable called "tempera- 
ture counter" is used to record the number of consecu- 
tive occasions that an over temperature condition 
occurs. Program step 100 decrements the temperature 
35 counter to zero when the drill is not over temperature, 
and program execution then jumps to step 110 dis- 
cussed below. Program step 102 increments the coun- 
ter when the drill is overtemperature. Program step 104 
then tests whether the temperature counter variable has 
40 exceeded a predetermined "limit" and, if so, the pro- 
gram branches to the "waitoff* routine if the drill is not in 
its maximum speed setting. If the drill is in its maximum 
speed setting the program continues to step 1 1 0. 
[0042] Program step 1 1 0 tests whether the switch 40 
45 is off, i.e. whether the user has released the trigger 3. If 
not, then the program loops back to a program label 
"loop-on" which returns to program step 60. In this man- 
ner, the program is repeated to provide continuous 
speed control and, in the screwdriver mode, automatic 
so torque control. If the switch 40 is determined to be off, 
then program step 1 1 2 hafts the control circuit (timet) 42 
thereby to stop the drill motor in the same manner as 
program step 92 discussed above. The program then 
continues to program step, 96 which jumps to the pro- 
55 gram label "loop-off. 

[0043] When the drill is not operating in the screw- 
driver mode, the automatic torque control feature pro- 
vided by program steps 76-90 is bypassed. A program 
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branch is performed by step 74 through step 114. Step 
1 14 provides artti- kickback protection. 
[0044] A further safety feature is also provided by a 
program step 116 interposed between steps 62 and 64 
In the speed control portion of the program. Step 116 5 
tests whether the "reverse" switch of the drill has been 
operated while the drill is in use (i.e. motor turning). If 
so, program execution branches to step 1 18 which halts 
the control circuit (timer) 42 thereby to stop the drill 
motor. The program then jumps to the program label io 
"waitoff " described above. 

[0045] The described embodiment is a drill/driver 
which has an LCD. The invention is of course applicable 
to any power driver or power drill having a screwdriving 
facility, against which may be mentioned, for example, 75 
power drill/drivers wherein the pre-setting of the tool is 
by means of a rotating switch controlling a potentiome- 
ter rather than by buttons on an LCD display panel. 

Claims 20 

1. A drill/driver (1) comprising a rotatable shaft (5) 
arranged to mount a screwdriver bit; a motor 
(38,39) for rotatably driving the shaft (5); monitor 
means (30) for monitoring the current in the motor zs 
(38,39) or for monitoring a parameter related at 
least in part to current in the motor (38,39), charac- 
terised by farther comprising means (30) respon- 
sive to a detected change corresponding to an 
increase in the rate of change of current in the 30 
motor (38,39), and operative to stop the motor 
(38,39). 

2. A drill/driver according to claim 1 , further compris- 
ing a speed controller (41 ) for controlling the speed ss 
of rotation of the motor (38,39). 

3. A drill/driver according to claim 2, wherein the 
means (30) for monitoring the current or other 
parameter comprises means for monitoring the 40 
power consumption of the motor (38,39). 

4. A drill/driver according to claim 3, wherein the 
motor is an AC. motor, and the speed controller 
(41) comprises voltage controlled rectifier means 4s 
for controlling the power-on portion or portions of 
each AC. cycle in order to achieve a desired 
speed. 

5. A drill/driver according to claim 4, wherein the so 
means (30) for monitoring the current or other 
parameter comprises means for monitoring the 
duration of each power-on portion. 

6. A drill/driver according to claim 5, wherein the ss 
means (30) for monitoring the duration comprises 
means for monitoring the conduction time of the 
voltage controlled rectifier means. 



7. A drill/driver according to claim 5, wherein the 
means (30) for monitoring the duration comprises 
means for monitoring the relative phase at which 
the voltage controlled rectifier means is triggered 
for conduction. 

8. A drill/driver according to any preceding claim, fur- 
ther comprising control means (42) for implement- 
ing a delay before the motor is stopped once a 
change corresponding to an Increase in the rate of 
change of current has been detected. 

9. A drill/driver according to any preceding claim, fur- 
ther comprising manual override means for select- 
ing either automatic cut-off control or manual 
control of the motor. 

10. A method of controlGng a drill/driver, the drill/driver 
including a rotatable shaft arranged to mount a 
screwdriving bit and a motor for rotatably driving the 
shaft, the method comprising monitoring the cur- 
rent in the motor or monitoring a parameter related 
at least in part to the current in the motor, character- 
ised in that the motor is stopped in response to 
detection of a change corresponding to an increase 
in the rate of change of current in the motor. 

Patsntansprtiche 

1. Bohrschrauber (1) mrt einer drehbaren Weile (5), 
die zur Anbringung eines Schraubeinsatzes ausge- 
staltet ist; einem Motor (38, 39), urn die Welle (5) 
drehend anzutreiben; einer Qberwachungseinrich- 
tung (30) zum Clberwachen des Stromes in dem 
Motor (38, 39) Oder zum Clberwachen eines Para- 
meters, der zumindest teilweise mit dem Strom In 
dem Motor (38, 39) in Beziehung steht, auBerdem 
gekennzeichnet durch eine Einrichtung (30), die auf 
eine erfaBte Veranderung anspricht, (fie einem 
Anstieg der Anderungsgeschwindigteit des Stro- 
mes in dem Motor (38, 39) entspricht. und die wirkt, 
urn den Motor (38, 39) anzuhaften. 

2. Bohrschrauber nach Anspruch 1, auBerdem mit 
einer GeschwindigteHssteuerung (41), urn die 
Geschwindigteit der Drehung des Motors (38, 39) 
zu steuern. 

3. Bohrschrauber nach Anspruch 2, bei dem die Ein- 
richtung (30) zum Oberwachen des Stromes oder 
anderer Parameter eine Einrichtung zum Oberwa- 
chen des Stromverbrauchs des Motors (38, 39) ent- 
h&lt 

4. Bohrschrauber nach Anspruch 3, bei dem der 
Motor ein Wechselstrommotor ist und bei dem die 
Geschwindigkeitssteuerung (41) eine spannungs- 
gesteuerte Gieichrichtereinrichtung enth&it, urn 
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den Leistung-Ein-Bereich oder Bereiche von jedem 
Wechsel stromzyWus zu steuern, urn eine 
gewQnschte GeschwindigkBit zu erreichen. 

5. Bohrschrauber nach Anspruch 4, bei dem die En- s 
richtung (30) zum Oberwachen des Stromes Oder 
anderer Parameter eine Enrichtung zum Oberwa- 
chen der Dauer von jedem Leistung-Ein-Bereich 
enth&lt. 

70 

6. Bohrschrauber nach Anspruch 5, bei dem die En- 
richtung (30) zum Oberwachen der Dauer einer 
Enrichtung zum Oberwachen der DurchlaBzeit der 
spannungsgesteuerten Gleichrichtereinriditung 
enthait. is 

7. Bohrschrauber nach Anspruch 5, bei dem die En- 
richtung (30) zum Oberwachen der Dauer einer 
Enrichtung zum Oberwachen der relativen Phase 
enthait, bei der die 6pannungsgesteuerte Gleich- 20 
richtereinrichtung in den leitenden Zustand 
geschattetwird. 

a. Bohrschrauber nach einem der vorhergehenden 
Anspriiche, der aufterdem eine Steuerungseinrich- 25 
tung (42) enthait, urn eine Verzdgerung zu imple- 
mentieren, bevor der Motor angehalten wird, wenn 
eine Veranderung erfaBt 1st die einem Anstieg der 
Anderungsgeschwindigkeit des Stromes entspricht. 

so 

9. Bohrschrauber nach einem der vorhergehenden 
Anspruche, der auBerdem eine manueli betatig- 
bare Umgehungseinrichtung hat urn entweder die 
automatische Abschaftsteuerung oder die manueile 
Steuerung des Motors auszuwahlen. as 

10. Verfahren zur Steuerung eines Bohrschraubers, bei 
dem der Bohrschrauber eine drehbare Welle, die 
zur Anbringung eines Schraubeinsatzes ausgestal- 

tet ist, und einen Motor aufweist, urn die Welle dre- 40 
hend anzutreiben, wobei das Vertahren das 
Oberwachen des Stromes in dem Motor oder das 
Oberwachen eines Parameters umfaBt, der zumin- 
dest teiiweise mrt dem Strom in dem Motor in 
Beziehung steht, dadurch gekennzeichnet, daS der 4S 
Motor in Reaktion auf das Erfassen einer Verflnde- 
rung, die einem Anstieg der Anderungsgeschwin- 
digkeit des Stromes in dem Motor entspricht. 
angehalten wind. 

so 

Revendlcatlons 

1. PerceuseArisseuse (1) comprenant un arbre rotatif 
(5) adapts pour porter une lame de tournevis ; un 
moteur (38, 39) servant k entrain er Parbre (5) en ss 
rotation ; des moyens (30) servant a surveiller le 
courant qui drcule dans le moteur (38, 39) ou k sur- 
veyor un paramfttre Ii6 au moms en parte au cou- 



rant qui drcule dans le moteur (38, 39), caracterisS 
en ce qui! comprend en outre des moyens (30) qui 
r6pondent k une modification d6tect6e qui corres- 
pond a un accroissement de la vitesse de variation 
du courant circulant dans le moteur (38, 39) et qui 
entre en jeu pour arreter le moteur (38, 39). 

2. Perceuse/visseuse selon la revendication 1, com- 
prenant en outre une command e de vitesse (41) 
destin6e k commander la vitesse de rotation du 
moteur (38, 39). 

3. Perceuse/visseuse selon la revendication 2, dans 
laquelle les moyens (30) destines k surveiller le 
courant ou un autre paramdtre comprennent des 
moyens destines a surveiller la consommation 
d'6nergie du moteur (38, 39). 

4. PerceuseA/isseuse selon la revendication 3, dans 
laquelle le moteur est un moteur k courant aitematif 
et la commands de vitesse (41) comprend des 
moyens redresseurs command 6s par une tension, 
destines k commander la portion ou les portions en 
circuit de chaque cycle du courant alternate afin 
d'atteindre la vitesse d6sir6e. 

5. Perceuse/visseuse selon la revendication 4, dans 
laquelle les moyens (30) destines k surveiller le 
courant ou k un autre paramdtre comprennent des 
moyens destines k surveiller la duree de chaque 
portion en circuit 

6. Perceuse/visseuse selon la revendication 5, dans 
laquelle les moyens (30) destines k surveiller la 
duree comprennent des moyens destines k sur- 
veiller le temps de conduction des moyens redres- 
seurs commandes par une tension. 

7. Perceuse/visseuse selon la revendication 5, dans 
laquelle les moyens (30) destines k surveiller la 
duree comprennent des moyens destines k sur- 
veiller la phase relative k laquelle les moyens 
redresseurs commandes par une tension sent 
declenches pour etre mis en conductioa 

8. Perceuse/visseuse selon une quelconque des 
revendications precedentes, comprenant en outre 
des moyens de commande (42) destines k r6aliser 
un retard avant que le moteur ne sort arrets une fbis 
qu'une variation correspondent k un accroissement 
de la vitesse de variation du courant a ete detectee. 

9. Perceuse/visseuse selon une quelconque des 
revendications precedentes, comprenant en outre 
des moyens prloiitaires manuals permettant de 
seiectionner, soit la commande automatique de la 
ooupure, sort la commande manueile du moteur. 
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10. Proc6d6 pour commander une perceuse/vtsseuse, 
la perceuse/visseuse comprenant un arbre rotatif 
agencd pour porter la lame de visseuse et un 
moteur destine & entrain er I'arbre en rotation, le 
proc6d6 comprenant les phases consistent k sur- 5 
veiller le courant circular* dans le moteur ou & sur- 
veiller un paramdtre 06 au moins en partle au 
courant circulant dans le moteur, caractfrisd en ce 
que le moteur est anrSte en reponse & la detection 
d*une variation qui correspond k un accroissement 10 
de la vitesse de variation du courant circulant dans 
le moteur. 
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Abstract of EP0659525 

A drill/driver (eg. an electric drill) with a 
screwdriver attachment, and a method of 
controlling the drill/driver, are described. A control 
circuit (30) controls the speed of rotation of the 
motor (38, 39) through a time delay circuit (42) 
and a triac (41 ). The control circuit (30) uses the 
time delay information and information inputted 
from a rotational speed sensor (43) to monitor the 
current in the motor or a parameter related at 
least in part to current in the motor. When a 
change corresponding to an increase in the rate 
of change of current in the motor is detected, the 
control circuit (30) stops the motor to provide an 
automatic torque control feature for a 
screwdriving operation. 
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